GENERAL INTEREST 


the CAN bus 


intelligent, decentralized 
data communications Part 1 


The proliferation of local communication networks in industrial systems 
Seems inexorable: CAN bus, Profibus, LON, ASI, Interbus-S, FIP, EIB, 
eBus, and many more. The time has now arrived where these well-estab- 
lished technologies, protocol implementation in small silicon chips, drop- 
ping prices, and simple maintenance have become accessible to the 
Smaller engineering firms and the enthusiastic amateur engineer/techni- 
cian. In this short series of articles, the technologies underlying the CAN 
bus system will be described in a simple and practical manner. In a later 
part, a complete CAN bus interface for a microcontroller system will be 
presented. 
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Figure 1. Estimated world- 
wide sales volume of CAN ICs. 


INTRODUCTION 

This first part in the series will take a 
brief look at the history and standard- 
ization of the CAN bus. It will also deal 
with the most important characteristics 
of the physical layer. 

In the second part, the data link 
layer will be explained. This part will 
also contain the CAN building bricks of 
various manufacturers in tabular form. 
This is followed by the introduction of 
a universal CAN bus interface that 
may be used to make a variety of 
microcontroller and microprocessor 
system suitable for use in a CAN bus 
network. 

The third part describes the con- 
struction, programming and usage of 
a small CAN bus network in conjunc- 
tion with a PC and a microcontroller 
card. 


DEVELOPMENT 

OF THE CAN BUS 

In the early 1990s, the international car 
industry was faced with two problems 
concerned with the future develop- 
ment of private cars and goods vehi- 
cles. The first was concerned with the 
growing demand for more comfort in 
vehicles: electrically operated win- 


dows, seat and mirror adjustment, 
heated seats, electronic climate control, 
as well as audio-visual equipment and 
satellite-controlled navigation systems 
(GPS=Global Positioning System). 

The second and more important 
was vehicle security, not only from an 
individual point of view but also to 
meet more stringent international 
safety regulations: central door locking, 
immobilizing systems; ABS (anti-lock 
braking systems), as well as economi- 
cal and environment-friendly engine 
management. 

Both problems were tackled by 
intense electronification of, and com- 
munication between, the many units 
comprising amodern vehicle. It is esti- 
mated that vehicles manufactured by 
the year 2005 will contain up to 100 
microcontroller and all these need to 
communicate with each other. It is 
clear that all these communications 
paths result in alarger and more exten- 
sive cable harness. For instance, that in 
a modern good-quality motor car 
weighs dose to 100 kg (220 Ib) and con- 
tains up to 2000 metres (one and half 
mile) of cable. Moreover, a typical large 
car manufacturer may have up to 600 
different types of cable harness in use. 


98 99 2000 


990060 - 11 


Since this is dearly an untenable sit- 
uation, the car industry began to look 
at new ways of communication and 
found this in the computer industry. 
Obviously, the bus systems used in 
that industry had to be adapted for use 
in vehicles, more particularly as 
regards the following: 


e low-speed and high-speed data 
transfer in the range 5kbit/s to 
1 Mbit/s for comfort and safety sys- 
tems; 


e error-free data transfer with a Ham- 
ming distance greater than 4; 


e optimum transfer of tiny data 
streams such as obtained from sen- 
sors or actuators, that is, consisting 
of 0-8 bytes per message; 

e ease of maintenance; 

e low cost (mass production); 

e simplicity of bus construction (bus 
media, bus topology) for easy inte- 
gration into the vehicle. 


Unfortunately, all large car manufac- 





Elektor Electronics 9/99 


25 


2 ISO / OSI 
Layer model 


Layer 8 


Application: CANopen 


"Device on Bus" 


Layer 7 CAL: CAN 


"Application Layer" || for industrial 


Applications 


DeviceNet 


CAN Bus Layer 


Smart 
Distributed 
System 


(SDS) 


DeviceNet SDS 
Application layer | Specifications 


Specifications 


Layer 2 LLC: Logical Link Control 
— MAC: Medium Access Control 


"Data Link Layer" 


Result: 


CAN 2.0 A 
CAN 2.0 B 


Layer 1 


"Low-Speed CAN" 
ISO 11519-2 


"Physical Layer" 


acc. to ISO 11898 





} Specifications 


"High-Speed CAN" 
ISO 11898 


990060 - 12 


Figure 2. The CAN bus 
in the ISO/OSI layer 


model. 

turers developed their 

own bus concept, 

which, of course, was not compatible 
with that of other manufacturers. All of 
them tried to have their system 
adopted as the international system, 
that is, to be accepted as the interna- 
tional standard - with clear economic 
and commercial advantages to them. 

Not all systems could be readily 
standardized. Essentially, four of them 
have survived: CAN (Controller Area 
Network) in low-speed and high- 
speed versions; VAN; J1850SCP; and 
J1850DLC. Of these, VAN (standard- 
ized) and most others (not standard- 
ized) have been abandoned during the 
mid-1990s in favour of the CAN sys- 
tem. Today, the CAN system is the 
world leader in the field of vehicle 
buses. As such it is used nowadays not 
only in luxury cars from Mercedes, 
Lexus, Jaguar, and Chrysler, but also in 
less prestigious ones from Fiat and 
Volkswagen. 

It was not only the vehicle industry 
that discovered the advantages of bus 
systems, but also the automation and 
production industries. These industries 
use the CAN concept for measuring, 
controlling and driving in SPS (Stan- 
dard Positioning Service) systems, 
robots and motors. The concept is also 
used in civil engineering, elevator (lift) 
control, laboratory automation sys- 
tems, sensor/actuator systems, and oth- 
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ers. 

The CAN protocol 

is available programmed in a silicon 

chip, so that the user need no longer 

concern him/herself with the finer 

details of the communication technol- 

ogy: CAN ICs are integrated simply as 

intelligent peripheral building blocks 

in existing microcontroller systems, or 
those being designed. 

The virtually troublefree mainte- 
nance and usage, as well as the rapidly 
dropping prices, of CAN ICs make 
CAN buses of great interest and use- 
fulness for non-industrial designers 
when it comes to small, decentralized 
communication networks. 

Figure1 shows the estimated 
world-wide sales volume of CAN ICs. 
The costs of a complete CAN network 
from various semiconductor manufac- 
turers are given in US dollars. 


STANDARDIZATION 

If the structure of a communication 
system is to be universally accepted, a 
number of questions should be 
answered clearly and the answers 
incorporated in the relevant standard. 


e How will the various parts of the 
network be physically (electrically 
and logically) arranged? 


+ What does the consequent topology 
of the network look like? 


¢ How are the data coupled to, and 
transferred by, the rdevant medium 
(cable, fibre optic conductor, air, or 
infra-red remote control)? 


e What are the rules for data 
exchange between the various 
parts? 


e How are data transfer errors pre- 
vented, recognized, and corrected? 


e How is the data transfer protocol 
formed? 


e How is access to the data transfer 
medium arranged for parts that are 
about to send data? 


e How are conflicts resolved when 
several parts want to send data at 
the same time? This concerns the 
access to the medium, that is, the 
so-called arbitration. 


As far as receiving data is concerned, 
there not many problems, since as a 
rule many receivers can be connected 
to the medium, all of which can 
receive data without any difficulty at 
the same time. In general, in any com- 
munication system, there should be 
only one sender active at any one 
time, although several receivers may 
be. 

The answers to the foregoing ques- 
tions, and others, must be laid down 
clearly and unambiguously when a 
communication system is to be used in 
a sensible manner that is acceptable 
world-wide. 

In the early 1990s, the International 
Standardization Organization (ISO) 
started laying down an international 
standard for vehicle buses, during 
which process the CAN bus assumed 
an increasingly strong position. 

The basis for the standardization 
process in the enormous area of open, 
non-producer-inspired data communi- 
cations is a seven-layer ISO/OSI refer- 
ence model. In the case of certain com- 
munication systems, including the 
vehicle bus system, layers 3-6 are 
empty, so that for the CAN bus only 
layers 1,2 and 7 are specified in detail 
(see Figure 2). 


Layer 1: physical layer 

In this layer, the specifications for the 
data transfer medium, connectors, the 
data transfer levels, and the send and 
receive elements are laid down. The 
two associated CAN standards are: 


ISO 11529-2: low-speed CAN. The basis 
of this is a development started by 
Bosch of Germany in the early 1980s, 
and continued, with the strong sup- 
port of Intel, into the integration of the 
protocol into an IC. The low speed 
refers to data transfer rates from 
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bus termination resistor 


5 kbit/s to 125 kbit/s. 


ISO 11898: high-speed CAN. This stan- 
dard supports data transfer rates of up 
to 1 Mbit/s. 


Layer 2: data link layer 

This layer lays down how, when a part 
wants to send data, the data transfer 
medium7m is accessed, how a message 
is composed (address, data, control 
and protection against errors), and 
how the data transfer protocol is struc- 
tured. The standards for these may 
also be found in ISO 11898. 


In addition, the 1991 CAN specification 
is expanded in Layer 2, so that today 
there two versions: CAN2.0A and 
CAN 2.0B. The similarities and differ- 
ences between these two will be 
reverted to in Part 2. 

Since the CAN concept has been 
adopted by so may different industries, 
the situation in Layer 7: application 
layer, is diverse and somewhat con- 
fused. This is because this layer defines 
the interface for the actual application 
(Layer 8) of the bus with industrial 
equipment. 

Three extensive CAN branches for 
different applications were developed 
over the years: CAN open, DeviceN et, 
and Smart Distributed System (SDS). 
Since these specifications are fairly 
extensive, they will not be pursued in 
this article. All that will be said here is 
that the concepts are common, so that 
they are compatible with Layers 1 
and 2. Detailed information on 
CANopen, DeviceNet, and SDS may 
be found on the internet: http://www. 
can-cia.de. 


CHARACTERISTICS 
The physical layer comprises the net- 
work topology of the CAN bus and the 
linking to the bus medium. 

The term network topology 
includes the physical construction of 
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Figure 3. Topology of 
the CAN bus. 
Voltage at...\\ Bus state recessive dominant 
CANH 2.5V 3.5V 
CANL 2.5V 15V 
allowable voltage difference 
- 0. 0.9- 2.0 V 
Up = CANH - CANL ees 








Table 1. Absolute lev- 
els of the bus lines 
with respect to (local) 
earth according to 
1SO11898. 


Figure 4. Linking an 
element (station) to 
the CAN bus. 


CAN 
device 
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external supply) 
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Figure 5. Pinout of a 
CAN bus connector. 


the communication sys- 
tem and so gives the answer to ‘how 
are the parts (stations) linked to the 
data transfer medium?’ 

The CAN bus uses the so-called bus 
topology, that is, all parts are connected 
to a single twisted-pair cable (screened 
or not), which is terminated at both 
ends into the relevant bus termination 
impedance (see Figure3). This 
arrangement ensures that each station 
can communicate with any other sta- 
tion in the network without any limi- 
tation. 

The send/receive stage of a CAN 
network element is linked to the bus 
medium via two connectors: CAN 
High (CANH) and CAN Low (CANL) 
(see Figure 4). 

In view of the requisite protection 
against errors, differential voltage sig- 
nals are used for the actual data trans- 
fer. This means that the voltage differ- 
ent between the two 
bus lines is quantized. 
15011898 specifies 


Table 2. Correlation 
between data transfer 


two different differen- 
tial-voltage ranges for data representa- 
tion: recessive and dominant. There is a 
good reason that the usual logic Oand 1 
levels are not used here and this will be 
reverted to. For the time being, note 
that 


e ifthe differential voltage between 
CANH and CANL < 0.5V, the status 
is recessive; 


e if thedifferential voltage > 0.9V, the 
status is dominant. 


The nominal level of the bus line, 
that is, the level of the individual lines 
with respect to (local) ground is shown 
in Table 1. 

In practice, these levels are, of 
course, subject to tolerances, so that the 
voltage difference may reach the max- 
imum permissible level shown in the 
last row. 

The specifications 
in 1S011519-2 (CANL) 


rate, length of the bus, 
bus medium, and bus 
termination impedance. 









































Bus length Bus cable Bus termination Maximum 
resistance cable c.s.a. resistance data rate 
0- 40m 70 mam pei 124 Q (1%) 1 Mbit/s at 40 m 
40 - 300 m < 60 ma/m oe A 127 2 (1%) 500 Kbit/s at 100 m 
300 - 600 m < 40 maim i ont 150 Q to 300 Q 100 Kbit/s at 500 m 
600 m-1km < 26 ma/m a Una 150 Q to 300 Q 50 Kbit/s at 1 km 
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are slightly different, but since 
ISO 11898 may be used for both high- 
speed and low-speed, that specification 
isinvariably used nowadays. 

Users need not concern themselves 
over the construction of asend/receive 
link since most manufacturers have 
available ready-made ICs for this pur- 
pose. These are optimized particularly 
as regards electromagnetic compatibil- 
ity (EMC), board space and thermal 
overload (in case of a short-circuit of 
CANH or CANL), and output standard 
CAN signal levels. All that is necessary 
to establish a CAN link is for them to 
be coupled to the bus line. 

All that is necessary is to make sure 
to which standard the IC is built: 
1S011519-2 or 15011898: the latter 
should be preferred. It should be noted 
that there are also other differential 
voltage procedures that may be used 
in CAN signal transfer, for instance, 
RS485. 

Final questions to be asked about 
the CAN bussystem are 
e What is the maxi8mum bus expan- 
sion for a given data transfer rate? 

e How many elements (stations) may 
be connected to the bus? 


The answers to these questions 
depend solely on the bus medium 
used. Table 2 shows the correlation 
between the data transfer rate, length 
of the bus, bus medium, and the bus 
termination impedance. 

The data transfer medium should 
preferably be a twisted-pair cable with 
a cross-sectional area of 0.34-0.6 mm2, 
while the bus termination impedance 
should be around 127 Q. The resistiv- 
ity of the cable should be not greater 
than 60 mQ/m, a condition that is met 
when the cross-sectional area is greater 
than 0.30 mm?. 

Care should be taken with the 
length of branching lines in case the 
station is not connected directly to the 
CAN bus. These lines should not be 
longer than 2 metres when the data 
transfer rate is 250 kbit/s, and not 
longer than 30 cm when the data trans- 
fer rate is greater. The total length of all 
branching lines should not exceed 
30 metres. 

Finally, it should be noted as 
regards Layer 1 that the connectors 
and their pinout for linking elements 
to the bus are standardized. 
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See also: 

‘CAN - the Controller Area Network’ 
in the September 1992 issue (p. 56) of 
Elektor Electronics. 
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